To the best of our knowledge very few methods have been proposed in previous studies for comparing intuitionistic fuzzy (IF) numbers. In this paper, the limitations and the shortcomings of all these existing methods are pointed out. In order to overcome these limitations and shortcomings a new ranking approach-by modifying an existing ranking approach-is proposed for comparing IF numbers. Thus, with the help of proposed the ranking approach, a new method is proposed to find the optimal solution of such unbalanced minimum cost flow (MCF) problems in which all the parameters are represented by IF numbers.
Introduction
MCF problem, which is an important problem in combinatorial optimization and network flows, has many applications in practical problems such as transportation, communication, urban design and job scheduling models [1, 3] .
In its classical form the MCF problem minimizes the cost of transporting a product that is available at some sources and required at certain destinations. In many actual problems, the cost, capacities, supplies and demand parameters may be imprecise. To deal quantitatively with imprecise information the concept and techniques of probability can be employed. There are articles discussing the network flow problems where arc parameters are random variable [11, 21, 22] , however, in order to construct, probability distributions require either a priori predictable regularity or a posteriori frequency distribution. Moreover, the premise that imprecision can be equated with randomness is still questionable. As an alternative, uncertain values can be represented by membership functions of the fuzzy set theory [26] .
The main advantages of methodologies based on fuzzy theory are that they do not require prior predictable regularities or posterior frequency distributions and they can deal with imprecise input information containing feelings and emotions quantified based on the decision-maker's subjective judgment. From this point of view, Shih and Lee [23] proposed a fuzzy version of MCF problem using multilevel linear programming problem. But, they did not use the nice structure of network constraints.
Ghatee and Hashemi [7] proposed a method to find the fuzzy optimal solution of balanced fully fuzzy MCF problems. Ghatee and Hashemi [8, 9] and Ghatee et al. [10] applied the existing method [7] for solving real-life problems.
The most common concept used in all those studies is ranking of fuzzy numbers. Ranking of fuzzy numbers is an important issue in the study of fuzzy set theory. In order to rank fuzzy numbers, one fuzzy number needs to be compared with the others but it is difficult to determine clearly which of them is larger or smaller. Numerous methods have been proposed in previous studies to rank fuzzy numbers. There is not a unique method for comparing fuzzy numbers.
A membership function of a classical fuzzy set assigns to each element of the universe of discourse a number from the unit interval to indicate the degree of belongingness to the set under consideration. The degree of nondecisionmaker's belongingness is just automatically the complement to one of the membership degree. Nonetheless, a human being who expresses the degree of membership of a given element in a fuzzy set very often does not express the corresponding degree of nonmembership as the complement to 1. This reflects a well-known psychological fact that the linguistic negation do not always identifies with logical negation. Thus, Atanassov [2] introduced the concept of an IF set which is characterized by two functions expressing the degree of belongingness and the degree of nonbelongingness respectively. This idea, which is a natural generalization of usual fuzzy set, seems to be useful when modeling many real-life situations.
Concerning ranking IF numbers some work has been reported in the literature. Grzegorzewski [12] defined two families of metrics in the space of IF numbers and proposed a method for comparing IF numbers based on these metrics. Mitchell [15] extended the natural ordering of real numbers to triangular intuitionistic fuzzy (TrIF) numbers by adopting a statistical view point and interpreting each IF number as ensemble of ordinary fuzzy numbers. Nayagam et al. [19] introduced TrIF numbers of special type and described a method to compare them. Although their ranking method appears to be attractive, the definition of TrIF number seems unrealistic. This is because the triangular nonmembership function is defined to geometrically behave in an identical manner as the membership function. Nan and Li [16] proposed a method for comparing TrIF number using lexicographic technique. Nehi [20] proposed a new method for comparing IF numbers in which two characteristic values for IF numbers are defined by the integral of the inverse fuzzy membership and nonmembership functions multiplied by the grade with powered parameter. Almost in parallel, Li [13] introduced a new definition of the TrIF number which has an appealing and logically reasonable interpretation. He defined two concepts of the value and the ambiguity of a TrIF number similar to those for a fuzzy number introduced by Delgado et al. [4] . Dubey and Mehra [5] defined a TrIF number which is more general than the one defined in [13, 16] . They extended the definitions of the value and the ambiguity index given by Li [13] to the newly defined TrIF numbers and proposed an approach to handle linear programming problems with data as IF numbers.
In this paper, the limitations of the existing methods [5, 12, 13, 15, 18, 19, 24, 25] as well as their shortcomings [13, 17, 20] , are pointed out. Furthermore, to overcome such limitations and shortcomings, a new ranking approach-by modifying an existing ranking approach [20] -is proposed for comparing IF numbers. Also-with the help of the projected ranking approach-a new method is proposed to find the optimal solution of such unbalanced MCF problems in which all the parameters are represented by IF numbers. This paper is organized as follows. In Section 2, some basic definitions and arithmetic operations of trapezoidal intuitionistic fuzzy (TIF) numbers are presented. In Sections 3 and 4, the limitations and shortcomings of the existing methods [5, 12, 13, 15, 18, 19, 24, 25] and [13, 17, 20] respectively, are pointed out. In Section 5, a ranking approach is proposed for comparing IF numbers is presented. In Section 6, a method for solving MCF problems in IF environment is proposed and to illustrate the proposed method, a numerical example is solved. In Section 7, the results are compared. Finally, in Section 8, the conclusion is discussed.
Preliminaries
In this section, some basic definitions and arithmetic operations are presented [20] . and always satisfies the condition .
Basic definitions
 is upper semi continuous and Ã  is lower semi continuous 
Arithmetic operations between TIF numbers
In this section, some arithmetic operations between TIF numbers, defined on a universal set of real numbers , R are presented.
be any TIF number. Then, 
Limitations of the existing methods
In this section the limitations of the existing methods [5, 12, 13, 15, 18, 19, 24, 25] for comparing IF numbers are pointed out.
1. The existing methods [12, 15, 24, 25] 
however, the existing method [18] cannot be used for comparing such TrIF sets for which the condition
is not satisfied.
Shortcomings of the existing methods
In this section the shortcomings of the existing methods [13, 17, 19, 20] for comparing IF numbers are pointed out.
1. Li [13] proposed the following method for 
It is not genuine to apply this method due to the following reasons. It is obvious from the existing ranking approach [13] 2. Nayagam and Sivaraman [17] proposed the following method for comparing interval valued IF sets:
Nayagam and Sivaraman [17] have used the same method for comparing TIF numbers
Nonetheless, it is not genuine to use this method for comparing TIF numbers due to the following reasons
represents the infimum and supremum values of membership degree and nonmembership degree corresponding to points .
and 1 b represent those points of universal set X corresponding to which the membership degree is 1. Similarly, 1 c and 1 d represent those points of universal set X corresponding to which the nonmembership degree is 1.
3. Given that, IF numbers are the generalization of fuzzy numbers, hence, the approach which can be used for comparing IF numbers can also be used for comparing fuzzy numbers. To show the shortcomings of the existing approach [20] , two fuzzy numbers are compared by using such approaches [6, 14, 20] and it was demonstrated that the ordering of fuzzy numbers obtained by using Nehi's approach [20] and Liou and Wang approach [14] is the same one and contradicts the ordering of fuzzy numbers obtained by using the Garcia and Lamata's approach [6] , because, Garcia and Lamata's approach [6] pointed out that their approach is better than Liou and Wang's approach [14] . Thus, the ordering of IF numbers given by Nehi's is not genuine. The ordering of these numbers obtained by using the existing ranking approaches [6, 14, 20] are shown in Table 1 .
Approaches Ordering Liou and Wang [14] B A Nehi [20] B A Garcia and Lamata [6] B A It is obvious from the results, shown in Table 1 that the ordering of fuzzy numbers Ã and B , obtained by using the existing approach [20] , is the same as the one obtained by the existing approach [14] whereas it is different from the ordering obtained by using the existing approach [6] .
Proposed ranking approach for comparing two IF numbers
Garcia and Lamata [6] pointed out that although trapezoidal fuzzy number ) , , , (
, is defined by four points, in the existing formula [14] , 
in the existing formula [20] ,
a and 2 ' a , 3 ' a are also taken into account in an indirect way hence, to overcome the shortcomings of existing approach [20] , pointed out in Section 4, a new ranking approach, by modifying the existing ranking approach [20] , is proposed for comparing
The steps of the proposed ranking approach are as follows:
then go to step 2.
Step 2. Calculate, 2
, and 
Advantages of the proposed ranking approach
In this section, the advantages of the proposed ranking approach, over the existing ranking approaches for comparing fuzzy numbers as well as IF numbers [5, 6, 13, [18] [19] [20] are discussed.
1. The existing ranking approach [6] can be used only for comparing fuzzy numbers but cannot be used for comparing IF numbers. Whereas the proposed ranking approach can be used for comparing fuzzy numbers as well as IF numbers and the ordering of fuzzy numbers, obtained by using the proposed ranking approach, is the same as that one obtained by using the existing ranking approach [6] .
2. Although the existing ranking approaches [5, 13, [17] [18] [19] [20] can be used for comparing fuzzy numbers as well as IF numbers, due to shortcomings pointed out in Section 4, it is not genuine to apply these approaches. Whereas by using the proposed ranking approach, all the shortcomings, occurring in the results due to the use of existing approaches [5, 13, [17] [18] [19] [20] , are resolved.
MCF problems in IF environment
The aim of the MCF problems is to find minimum cost for transporting the product from a given point to certain destinations with the assumption that there is at least one node, called intermediate node, at which the product can be stored in the case of excess availability of the product and the stored product can be supplied in the case of excess demand of the product.
Ghatee and Hashemi [7] modified the existing linear programming formulation of balanced MCF problems by representing all of its parameters as fuzzy numbers instead of crisp numbers and proposed a method to find the fuzzy optimal solution of such balanced MCF problems.
On the same direction, in this section the existing linear programming formulation of MCF problems is further generalized by representing all the parameters as TIF numbers and on the basis of the ranking approach, proposed in Section 5, a new method is proposed to find the IF optimal solution of such MCF problems. (   3  3  2  2  2  2  1  1 
Linear programming formulation of balanced MCF problems in IF environment
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Proposed method
Step 3. Using Definition 2.7 and Definition 2. 
Step 4. 4 4 4 4 As well as all the constraints of problem ) ( 4 P except ) ( 1 C where, a is the optimal value of the crisp linear programming problem ) ( 5 P .
Step , to find the minimum total IF transportation cost.
Advantages of the proposed method
The existing method [7] can be used only to find the optimal solution of such MCF problems in which the parameters are represented by fuzzy numbers, however, the existing method [7] cannot be used to find the optimal solution for the same type of problems in which the parameters are represented by IF numbers, whereas the proposed method can be used to find the optimal solution for both types of problems.
Illustrative example
In this section, to illustrate the proposed method the IF MCF problem, chosen in Example 6.1, cannot be solved by the existing method [7] , it can be solved by using the proposed method. 
